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Abstract 
We present the fabrication and characterization of a TiO2 affinity chromatography microcolumn on Si substrates to 
analyze phosphopeptides. The microfabricated column consisted of 32 parallel microchannels with common input 
and output and was fabricated by lithography and plasma etching of the Si substrate and sealed with lamination, while 
RF sputtering of TiO2 target was used for producing the stationary phase. The chip was characterized by standard 
mono-phosphopeptide separation and detection with UV absorption spectroscopy. The chip design allows an 
expansion of its capacity by means of increasing the number of parallel microchannels at a constant sample volume.  
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Phosphorylation is one of the most important post-translational modifications of proteins. However, the 
low abundance of phosphorylated peptides and the signal suppression of non-phosphorylated peptides 
make the analysis difficult. The use of microfluidics and micro-TAS is expected to play a significant role 
in their more effective analysis [1]. Several strategies for the enrichment of phosphopeptides prior to 
analysis have been developed, such as immobilized metal affinity chromatography (IMAC) [2], and metal 
oxide affinity chromatography (MOAC) [3]. Metal oxide particles packed in pipette tips have been used 
for the enrichment and eventual analysis of phosphopeptides. Commercial off-line tips are available for 
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routine lab use. Nevertheless, the chip-based strategies for phosphopeptide enrichment are amenable to 
automation, miniaturization and to the use of very limited amounts of sample, while reducing the number 
of sample handling steps. In this case, the metal oxides coated particles (such as TiO2) are commonly 
integrated into the LC-MS system in the form of precolumns (also called ‘‘trapping’’ columns) upstream 
of the final chromatographic separation step [4-6]. Rather than using particles we explore here a totally 
microfabricated column in which the RF sputtering deposition is used to create the on-chip stationary 
phase. 
2. Results 
 Specifically, Silicon microfluidic devices were used for the separation of phosphopeptides with 
TiO2 affinity chromatography. The microcolumn consisted of 32 parallel microchannels with common 
input and output ports and was fabricated by lithography on the Si substrate followed by plasma etching. 
Lithography was performed on a Karl-Suss MJB 3 STD Mask Aligner model using AZ 5214 photoresist 
and a broadband exposure lamp. All plasma processes were performed in our Micromachining Etching 
Tool (MET) by Alcatel, equipped with a helicon source (at 13.56 MHz) providing RF power up to 2000 
W. The process sequence is shown in Fig. 1 and is as follows: a) Al sacrificial layer deposition, 
lithography for access port definition, wet etching of Al, and SF6 isotropic plasma opening of holes 
(isotropic etching conditions: -55 V, 15 oC, 1800 W, SF6 flow 172 sccm, 5.25 Pa). b) Removal of Al, 
lithography for microcolumn definition, and Si anisotropic etching using the Bosch (gas chopping) 
process (conditions of Bosch process: -70 V, 20 oC, 1800 W, SF6 53 % (7 sec cycle), C4F8 51 % (3 sec 
cycle), 5 Pa). Typical channel depths are 30 ȝm. c) photoresist removal and cleaning. d) sputtering 
deposition of TiO2 target, and e) sealing with pressure sensitive lamination films (3M Advanced 
Polyolefin Microplate Sealing Tape 9795 from 3Ȃ Co).  
 
 
 
 
 
 
 
 
 
 
                  (a)                                                   (b)                                               (c)                                                (d) 
Fig 1. (a) Port definition for inlets – outlets, (b, c, d) SEM photos after lithography and plasma etching of Si substrate for 5.5 min 
using Bosch process for microchannel definition, and microcolumn cross-section after sealing with lamination film. The relative 
thickness on the figure does not correspond to the real thickness.
 
RF sputtering from a TiO2 target for the deposition of the TiO2 stationary phase was used. RF 
sputtering produced amorphous oxide. To create a crystalline TiO2, annealing at temperatures higher than 
350oC was performed. The crystalline structure of TiO2 film was determined using X-ray diffraction 
(XRD). Fig. 2 shows the XRD pattern after deposition of ~ 380 nm TiO2 (a) amorphous film and (b) after 
annealing in 600 ºC for 30 min. The XRD spectrum shows peaks of the crystalline structure of TiO2. The 
peaks correspond to the crystalline anatase form of TiO2 in different directions. Since it was difficult to 
acquire the XRD spectrum of TiO2 film directly from the Si micro-column, an open Si surface was used.  
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                                                             (a)                                                                                              (b) 
Fig 2. XRD spectrum after the rf sputtering of (a) ~ 380 nm TiO2 amorphous film and (b) after annealing in 600 ºC for 30 min on 
open Si surface treated in plasma under the same conditions as the microchannels.  
 
 
Phosphopeptides were detected with UV absorption spectroscopy (Fig. 3 (a)). UV detection was 
achieved, with a UV-sensitive Peltier cooled detection setup from ș-metrisis (www.ș-metrisis.gr, Athens, 
Greece) using a CCD detector with signal to noise ratio 1000:1. The microchip eluents were introduced 
into a 150ȝm optical path quartz tube to be monitored with the UV spectrophotometer. The experimental 
set-up used three syringe pumps (Labsmith microfluidics): The first for the acidic mobile phase, the 
second for the sample injection, and the third for the alkaline mobile phase. The infusion rate for all 
syringe pumps was held constant at 2ȝL/min. 
The chip was characterized by the separation of a commercial monophosphopeptide with known 
sequence FQ-pS-EEQQQTEDELQDK and molecular weight Mw = 2062,96. Phosphopeptide was 
retained under acidic conditions (Trifluoroacetic acid, pH 3) and eluted in an alkaline environment 
(NH4OH, pH 10).  
Fig. 3 (b) shows the chromatogram of mono-phosphopeptide. The concentration of mono-
phosphopeptide, was 50 ȝM (in 0.05 % Trifluoroacetic acid). The individual phosphopeptide injection 
volume was 4 ȝL, respectively (introduced with a flow rate of 2ȝL/min), i.e. the quantity separated was 
410 ng. A simple step gradient was used for the generation of the basic mobile phase by means of 
stopping the acidic mobile phase infusion and initiating the basic mobile infusion. As shown in Fig. 4, the 
phosphopeptide solution was introduced at t=0 min using acidic mobile phase and no phosphopeptide 
breakthrough was observed for the column containing the TiO2 film, and was therefore, proof-positive in 
its ability to capture this phosphopeptide. At t=5 min interval, the basic mobile phase column infusion 
was initiated. The aqueous NH4OH solution reached the detector at t=8 min interval. This was confirmed 
by the change in pH change as monitored with pH sensitive stripes at the exit of the quartz tube. Effective 
elution of the phosphopeptides was observed with the infusion of the basic mobile phase. Specifically, the 
elution of mono-phosphopeptide occurred 3 min later, i.e. RT 3 min.  
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                                                        (a)                (b) 
Fig 3. (a) The microchip connected to detection setup. (b) Affinity chromatography on chip, with retention, elution and separation of 
mono-phosphopeptide, using a Silicon micro-column containing a RF sputtered and annealed TiO2 stationary phase. The acidic 
mobile phase (pH 3) was Trifluoroacetic acid 0.05%, while the basic mobile phase was aqueous NH4OH (pH 10). Drifts is due to 
drifting intensity of the Deuterium lamp. 
 
 
This successful enrichment and separation of monophospopeptide is a first proof-of-concept that the 
proposed stargedy is reliable alternative to column filled with particles, paving the way for a truly 
microfabricated chip. 
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